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DESCRIPTION 



Superconducting Wire and Method of Production Thereof 



5 Technical Field 

The present invention relates to superconducting wires and methods of 
production thereof and more specifically to such wires including a planarized, textured 
metal substrate and an overlying superconducting layer or an overlying intermediate 
layer followed by a superconducting layer and methods of production thereof 
10 Background Art 

Since high temperature superconductor was discovered, high temperature 
superconducting wires have increasingly been developed for application to cables, 
current limiters, magnets and other similar electric power equipment. To obtain 
excellent high temperature superconducting wire, it is necessary to employ a 
15 significantly oriented superconducting layer. 

To enhance a superconducting layer in orientation, it has been proposed to 
prepare a biaxially textured metal substrate and deposit thereon a superconducting layer 
or an intermediate layer followed by a superconducting layer (see for example non- 
patent documents 1-4). 

20 Herein a metal substrate is implemented by a substrate formed of metal atoms 

biaxially oriented, i.e., a biaxially textured metal substrate is used, and on the substrate 
an intermediate layer is epitaxially grown to have the same biaxial texture as the 
substrate and on the intermediate layer a superconducting layer is epitaxially grown to 
have the same biaxial texture as the intermediate layer. This method can help to 

25 produce a high temperature superconducting wire including a superconducting layer 
having a biaxial texture suitable for superconduction. 

Furthermore, whether the substrate is flat significantly affects the overlying 
superconducting layer or intermediate and superconducting layers in orientation. 
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Accordingly, a superconducting wire is produced with a substrate having a surface small 
in roughness or planarized {see for example a patent document 1). 

If the substrate is a biaxially textured metal substrate that has been planarized 
through some planarization process, however, the substrate disadvantageously has a 
surface layer extending to a depth of 300 nm losing biaxial texture, and a 
superconducting layer or intermediate and superconducting layers having biaxial texture 
suitable for superconduction cannot be obtained. 

Patent Document 1 : Japanese Patent No. 2803 123 

Non-Patent Document 1: J. H. Je et al, "Microstructure of RE2O3 layers on cube 
textured Ni substrates", Physica C, (2003), 384, pp. 54-60. 

Non-Patent Document 2: B. W. Kang et al, "Comparative study of thickness 
dependence of critical current density of YBa2Cu307.6 on (100) SrTiOs and on rolling- 
assisted biaxially textured substrates", J. Mater, Res., Jul. 2002, Vol.17, No.7, pp.l750- 
1757. 

Non-Patent Document 3: D. Eyidi et al, "Growth of Ce02 thin film deposited on 
biaxially textured nickel substrate", J. Mater. Res., Jan. 2003, Vol.18, No.l, pp.14-26. 

Non-Patent Document 4: Fujino et al, "Development of High-temperature 
Superconducting Thin Film Tape Using the ISD Method", SEI Technical Review, 
September 1999, No.l55, pp.131-135. 
Disclosure of the Invention 
Problems to be Solved by the Invention 

The present invention has been made to overcome the above disadvantage by 
providing a textured metal substrate having a surface layer with biaxial texture 
maintained while the substrate's surface is planarized to provide a highly 
superconducting wire and a method of production thereof 
Means for Solving the Problems 

The present invention in one aspect provides a superconducting wire including a 
metal substrate and an overlying superconducting layer, wherein the metal substrate is a 



textured metal substrate planarized to have a surface layer extending from a surface 
thereof to a depth of 300 nm with a crystal, axis offset relative to an orientation axis by 
at most 25'', and a surface roughness Rp_v of at most 150 nm. In the present 
superconducting Avire the textured metal substrate can underlie an intermediate layer and 
5 the intermediate layer can underlie the superconducting layer. 

The present invention in another aspect provides a method of producing a 
superconducting wire, including the steps of planarizing a textured metal substrate to 
have a surface layer extending from a surface thereof to a depth of 300 nm vAth a crystal 
axis offset relative to an orientation axis by at most 25°, and a surface roughness Rp.v of 
10 at most 150 nm; and depositing a superconducting layer on the textured metal substrate 
planarized. 

The present method can further include the step of thermally treating the 
textured metal substrate in a reducing or vacuumed atmosphere at least once after the 
step of planarizing the textured metal substrate and before the step of depositing the 
15 superconducting layer on the textured metal substrate planarized. 

Furthermore in the present method the step of planarizing the textured metal 
substrate can be performed by at least one of mirror finished rolling; mechanochemistry; 
electrolytic polishing; and chemical pohshing. 

Furthermore the present method can further include the steps of: depositing an 
20 intermediate layer on the textured metal substrate; and depositing the superconducting 
layer on the intermediate layer. 
Effects of the Invention 

Thus in accordance with the present invention a textured metal substrate 
planarized to have a surface layer extending from a surface thereof to a depth of 300 nm 
25 with a crystal axis offset relative to an orientation axis by at most 25° and surface 

roughness Rp_v of at most 150 nm can have deposited thereon a superconducting layer 
or an intermediate layer followed by a superconducting layer to provide a highly 
superconductive wire. 
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Brief Description of the Drawings 

Fig. 1 A shows a method of producing a superconducting wire in the present 
invention at the step of planarizing a textured metal substrate. 

Fig. IB is an enlarged view of a portion B shown in Fig. 1 A. 

Fig, IC shows the method of producing the superconducting wire in the present 
invention at the step of depositing an intermediate layer on the textured metal substrate. 

Fig. ID shows the method of producing the superconducting wire in the present 
invention at the step of depositing a superconducting layer on the intermediate layer. 

Fig, IE is an enlarged view of a portion E shown in Fig. ID. 

Fig. 2 illustrates a method employed in the present invention to planarize a 
textured metal substrate. 

Fig. 3 illustrates another method employed in the present invention to planarize a 
textured metal substrate. 
Description of the Reference Signs 

1: textured metal substrate, la: surface layer, lb: internal layer, 2: intermediate 
layer, 3: superconducting layer, 10: superconducting wire, 11: planarization process, 20: 
mechanochemical polisher, 21: presser, 23: shaft of rotation, 24: polishing sheet 
platform, 25: polishing sheet feed roll, 26: polishing sheet takeup roll, 27: polishing 
sheet, 28: pohshing slurry supplier, 29: polishing slurry, 30: electrolytic polisher, 31: 
substrate feed roll, 32: substrate immersion roll, 33: substrate takeup roll, 34: 
electrolytic cell, 35: negative electrode, 36: electrolyte 
Best Modes for Carrying Out the Invention 

The present invention in one aspect provides a superconducting wire, as shown 
in Figs. ID and IE, including a textured metal substrate 1, an intermediate layer 2 
deposited on textured metal substrate 1, and a superconducting layer 3 deposited on 
intermediate layer 2. Textured metal substrate 1 from a surface thereof to a depth of 
300 nm has a surface layer la having a crystal axis offset relative to an orientation axis 
by at most 25°, and a surface roughness Rp_v of 150 nm as it is planarized. As the 



textured metal substrate that has a surface layer with biaxial texture maintained and also 
has a surface planarized is used, an intermediate layer deposited thereon and a 
superconducting layer subsequently deposited thereon can be significantly biaxially 
textured layers, and a highly superconducting wire can thus be obtained. Note that 
when a polycrystal has a large number of crystal grains each having a particular direction 
as a crystal parallel to a particular axis, the axis is referred to as an orientation axis. 

As employed in the present invention, textured metal substrate 1 indicates a 
metallic substrate formed of metal atoms biaxially oriented, and includes a perfectly 
biaxially textured substrate as well as a substrate having a crystal axis offset relative to 
an orientation axis by at most 25°. Herein in biaxial orientation two orientation axes 
indicate an axis approximately parallel to a crystal axis having a direction perpendicular 
to a plane of a substrate, and an axis approximately parallel to one crystal axis having a 
direction parallel to the plane of the substrate, and an offset angle in the substrate of a 
crystal axis relative to an orientation axis indicates an offset angle of one crystal axis 
extending in the direction parallel to the plane of the substrate relative to an orientation 
axis extending in a surface parallel to the plane of the substrate, and is indicated by an 
average of such offset angles in the substrate. 

Furthermore an offset angle in the surface layer of a crystal axis relative to an 
orientation axis indicates an offset angle of one crystal axis extending in a direction 
parallel to a plane of the surface layer of the substrate relative to an orientation axis 
extending in a plane parallel to the plane of the surface layer, and is indicated by an 
average of such offset angles in the surface layer. In the surface layer a crystal axis 
offsets relative to an orientation axis by at most 25°. If in the surface layer the crystal 
axis offsets relative to the orientation axis by an angle exceeding 25°, significantly 
biaxially textured intermediate and superconducting layers caimot be obtained. As such, 
the surface layer has a crystal axis offset relative to an orientation axis more preferably 
by at most 12° and still more preferably at most 10°. Furthermore some types of 
textured metal substrates can dispense with the intermediate layer and may have the 



superconducting layer directly deposited thereon. 

More specifically the present invention employs textured metal substrate 1 
characterized in that, as described above, surface layer la extending from the substrate's 
surface to a depth of 300 nm has a crystal axis offset relative to an orientation axis by at 
5 most 25'', and surface roughness Rp_v of 1 50 nm as the substrate is planarized. Even if 
an internal layer lb (a layer in the substrate other than the surface layer) has a crystal 
axis offset relative to an orientation axis by at most 25®, surface layer la with a crystal 
axis offset relative to an orientation axis by an angle exceeding 25° or with surface 
roughness Rp_v exceeding 150 nm prevents providing significantly biaxially textured 

10 intermediate and superconducting layers. Orientation is preferably provided in such a 
direction that a <100> axis is oriented in a direction perpendicular to the plane of the 
substrate and a <010> axis is oriented in a direction of the length of the substrate. 

Herein surface roughness Rp.v indicates a distance from the surface's highest 
crest to lowest trough between their respective apexes as seen in a direction 

15 perpendicular to the surface. Surface roughness Rp^v is at most 1 50 nm. If surface 
roughness Rp_v exceeds 150 nm, significantly biaxially textured intermediate and 
superconducting layers cannot be obtained. . Furthermore the surface measured from 
such crests' apexes to such troughs' apexes in the direction perpendicular to the surface 
provides distances, which are averaged out to provide an average surface roughness Ra, 

20 which is preferably at most 50 nm in terms of providing surface roughness Rp_v of at 
most 150 nm. 

The textured metal substrate may be any substrate that is biaxially textured as 
described above. Preferably, however, Ni, Cr, Mn, Co, Fe, Pd, Cu, Ag, Au or an alloy 
of at least two thereof is used, . Furthermore, not only the above metals or an alloy 
25 thereof alone but the above metals or the alloy thereof and another metal or an alloy 
thereof may also be arranged in layers. For example, stainless steel, a significantly 
strong material, provided with a textured Ni thin film layer may be used as the textured 
metal substrate. 
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In accordance with the present invention a superconducting wire is produced in a 
method, as described hereinafter. Initially, with reference to Figs. 1 A and IB, textured 
metal substrate 1 is planarized so that surface layer la extending from a surface of the 
substrate to a depth of 300 nm has a crystal axis offset relative to an orientation axis by 
at most 25°, and surface roughness Rp_v of at most 150 nm. Then, with reference to 
Fig. IC, substrate 1 has intermediate layer 2 deposited thereon. Furthermore, with 
reference to Figs. ID and IE, intermediate layer 2 has superconducting layer 3 
deposited thereon. As textured metal substrate 1 that has a surface layer with biaxial 
texture maintained and also has a surface planarized is used, intermediate layer 2 
deposited thereon and superconducting layer 3 further deposited thereon can be 
significantly biaxially textured intermediate and superconducting layers 2 and 3, and a 
highly superconducting wire can thus be obtained. Furthermore some types of textured 
metal substrates can dispense with the intermediate layer and may have the 
superconducting layer directly deposited thereon. 

In Fig. IC, textured metal substrate 1 has deposited thereon intermediate layer 2 
formed preferably of a metal oxide containing at lest one type of metal element and 
having pyrochlore, fluorite, halite, or provskite crystal structure. More specifically, 
Ce02 or similar oxides of rare earth elements, yttrium stabilized zirconium (YSZ), 
BaZrOs (BZO), SrTiOs (STO), AI2O3, YAIO3, MgO, a Ln-M-O based compound and 
the like are preferably used, wherein Ln represents at least one type of lanthanoid 
element, M represents at least one element selected from Sr, Zr and Ga, and O 
represents oxygen. Such oxides can contribute to a reduced difference between the 
textured metal substrate and the superconducting layer in crystal constant and crystal 
orientation and also prevent the substrate from having metal atoms flowing out into the 
layer. Furthermore, the intermediate layer may be formed of two or more layers. 
Note that if the textured metal substrate is for example a textured Ag substrate or a 
similar substrate having less metal atoms flowing out, the intermediate layer can be 
dispensed with and the substrate may have the superconducting layer directly deposited 



thereon. 

The intermediate layer is formed of thin oxide fihn deposited by any method that 
is not contrary to the object of the present invention. Preferably, it is deposited by 
sputtering, electron beam deposition (EBD), pulse laser deposition (PLD), vapor 
5 deposition, and the like. 

If textured metal substrate 1, e.g., a biaxially textured Ni substrate with <100> 
and <010> axes oriented in a direction perpendicular to a plane of the substrate and a 
direction of the length of the substrate, respectively, has intermediate layer 2 formed 
. Ce02 epitaxially grown thereon, a thin Ce02 film is formed with <100> and <01 1> axes 
10 oriented in the direction perpendicular to the plane of the substrate and the direction of 
the length of the substrate, respectively. A significantly biaxially textured Ce02 layer 
can thus be obtained. 

In Fig. ID, intermediate layer 2 may have any type of superconducting layer 3 
deposited thereon. Preferably, however, REiBa2Cu307-6 or the like is used. The 
15 superconducting layer may be provided by any method that is not contrary to the object 
of the present invention. Preferably, it is deposited by PLD, metal organic deposition 
(MOD), metal organic chemical vapor deposition (MOCVD) or the like. 

If intermediate layer 2, e.g., a biaxially textured Ce02 layer with <100> and 
<01 1> axes oriented in the direction perpendicular to the plane of the substrate and the 
20 direction of the length of the substrate, respectively, has superconducting layer 3 formed 
of HoiBa2Cu307-5 epitaxially grown thereon, a HoiBa2Cu307--6 layer is formed with 
<100> and <010> axes oriented in the direction perpendiculzir to the plane of the 
substrate and the direction of the length of the substrate, respectively. A significantly 
biaxially textured HoiBa2Cu307-5 layer can thus be obtained. 
25 Furthermore, superconducting layer 3 may be protected by a protection layer 

deposited thereon, as required. The protection layer may be any layer that is highly 
conductive. Preferably, Ag, Au, Pt, Al or an alloy thereof is used. The protection 
layer may be formed. in any method. Preferably, it is deposited by sputtering, EBD, 
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PLD, thermal vapor deposition, MOD, MOCVD, plating, or the like. 

In the present method before the substrate has the superconducting or 
intermediate layer deposited thereon at least one of: mirror finished rollmg; 
mechanochemistry; electrolytic polishing; and chemical polishing can be used to provide 
5 textured metal substrate 1 planarized 11, as shown in Figs. 1 A and IB. The above 

method can provide textured metal substrate 1 planarized 1 1 while the surface layer la 
biaxial texture is maintained. 

As referred to herein, mirror finished rolling employs a roll having a rolling 
surface mirror finished to roll the textured metal substrate to transfer the roll's mirror 
10 finished surface to a surface of the substrate to thus planarize the surface of the substrate. 

As referred to herein, mechanochemistry is performed as follows: for example, 
with reference to Fig. 2, a polishing slurry 29 formed of a corrosive, acidic or basic 
liquid with Si02, AI2O3 or similar abrasive grains dispersed therein is supplied fi-om a 
polishing slurry supplier 28 while a presser 21 presses textured metal substrate 1 against 
15 a pohshing sheet 27 to mechanically and chemically polish and thus planarize a surface 
of the textured metal substrate. Polishing sheet 27 is rotated as a polishing sheet 
platform 24 bearing the sheet is rotated by a shaft of rotation 23 . Furthermore, 
polishing sheet feed and takeup rolls 25 and 26, respectively, rotate to feed an additional 
poUshing sheet. 

20 As referred to herein, electrolytic polishing is performed as follows: for example, 

with reference to Fig, 3, textured metal substrate 1 is immersed in an electrolyte 36 of 
concentrated phosphoric acid, concentrated sulfiiric acid, or the like as a positive 
electrode, and between the positive electrode and a negative electrode 35 arranged in 
electrolyte 36a direct current is passed to electrochemically polish a surface of textured 

25 metal substrate 1. The substrate is continuously, electrolj^ically polished and taken up 
by a substrate feed roll 3 1, a substrate immersion roll 32 and a substrate takeup roll 33. 

As referred to herein, chemical polishing employs phosphoric acid, nitric acid, a 
hydrofluoric acid-nitric acid (HF-HNO3) mixture solution, a hydrofluoric acid- 
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oxygenated water (HF-H2O2) mixture solution, an oxalic acid-oxygenated water 
((COOH)2-H202) mixture solution or similar chemical polishing liquid and immerses the 
textured metal substrate therein to cause a chemical reaction to polish a surface of the 
substrate. 

5 The present method between the step of planarizing the textured metal substrate 

and that of depositing the superconducting or intermediate layer on the planarized 
substrate can include the step of thermally treating the substrate in a reducing 
atmosphere at least once. One object of doing so is to remove an oxide layer formed 
on the surface layer of the textured metal substrate and expose the biaxially textured 

10 surface layer. Furthermore, if the planarized textured metal substrate has a surface 
layer impaired in biaxial texture, thermally treating the substrate in the reducing 
atmosphere can recover the surface layer in biaxial texture. 

As described herein, thermally treating the planarized textured metal substrate in 
a reducing atmosphere indicates thermally treating the substrate in a reducing 

15 atmosphere that is suflBcient to recover the surface layer's biaxial texture reduced as the 
substrate is planarized. For example, the substrate is thermally treated in the presence 
of H2 or similar reductive gas. If the substrate is thermally treated in an atmosphere 
containing H2 gas, it is preferable that the H2 gas be larger in mole%, as such can 
contribute to more reduction. For example if the reductive gas is H2 gas and Ar gas 

20 used together, the reductive gas preferably contains at least 1 mole%, more preferably at 
least 3 mole% of H2 gas. 

The present method between the step of planarizing the textured metal substrate 
and that of depositing the superconducting or intermediate layer on the planarized 
substrate can include the step of thermally treating the substrate in a vacuumed 

25 atmosphere at least once. One object of doing so is to remove an oxide layer formed 
on the surface layer of the textured metal substrate and expose the biaxially textured 
surface layer. Furthermore, if the planarized textured metal substrate has a surface 
layer impaired in biaxial texture, thermally treating the substrate in the vacuumed 
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atmosphere can recover the surface layer in biaxial texture. 

As described herein, thermally treating the planarized textured metal substrate in 
a vacuumed atmosphere indicates thermally treating the substrate in a vacuumed 
atmosphere that is sufficient to recover the surface layer's biaxial texture reduced as the 
5 substrate is planarized. For example, the substrate is thermally treated in a vacuumed 
atmosphere having a degree of vacuum of at most L33 x 10"^ Pa. 

The textured metal substrate may be thermally treated in the reducing or 
vacuumed atmosphere at any temperature that is lower than the substrate's melting point. 
Preferably, the substrate is thermally treated at 500°C to 800°C. If the substrate is 
10 thermally treated at a temperature lower than 500''C, the substrate has a surface layer 
insufficiently recovered in biaxial texture. If the substrate is thermally treated at a 
temperature higher than 800°C, the substrate in its entirety can be reduced in biaxial 
texture. Accordingly, the substrate is thermally treated more preferably at 600°C to 
700°C. 

15 The textured metal substrate may be thermally treated in the reducing or 

vacuumed atmosphere for any period of time. Preferably, the substrate is thermally 
treated for at least two minutes. If the substrate is thermally treated for less than two 
minutes, the substrate has a surface layer insufficiently recovered in biaxial texture. 
The textured metal substrate may be thermally treated in the reducing or 

20 vacuumed atmosphere in any manner. Preferably, however, it is so done immediately 
before it is provided thereon with the superconducting or intermediate layer, as such can 
prevent the thermally treated substrate from having a surface layer again reduced in 
biaxial texture. Furthermore the substrate may be thermally treated not only once but 
more than once to further recover the surface layer's biaxial texture. Furthermore if the 

25 substrate is thermally treated more than once it may undergo both the thermal treatment 
performed in the reducing atmosphere and that performed in the vacuumed atmosphere. 

If the planarized textured metal substrate is thermally treated in the reducing or 
vacuumed atmosphere twice, i.e., preliminarily and immediately before the substrate is 
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provided with the superconducting or intermediate layer, the substrate is prehminarily, 
thermally treated preferably in the atmosphere at SOO^^C to 800°C for at least two 
minutes, more preferably at least five minutes, most preferably at least ten minutes, and 
when the substrate is thermally treated immediately before the substrate is provided with 
the superconducting or intermediate layer, the substrate is thermally treated preferably in 
the atmosphere at 500°C to 800°C for at least two minutes, more preferably at least 
three minutes, most preferably at least seven minutes. 

Hereinafter the present invention will be described with reference to specific 
examples. 

First Example 

A biaxiaily textured metal substrate having a length of 40 cm, a width of 1 0 nmi 
and a thickness of 100 ^im and formed of Ni-Fe alloy having a composition of 50 mole% 
of Ni and 50 mole% of Fe was prepared. It had <100> and <010> axes oriented in a 
direction perpendicular to a plane of the substrate and a direction of the length of the 
substrate, respectively, and had a surface layer with a crystal axis offset relative to an 
orientation axis by at most 9°, and surface roughness Rp_v of 5 13 nm and average 
surface roughness Ra of 62 nm. The substrate skipped a primary planarization process 
and, with reference to Fig. 2, underwent a secondary planarization process. More 
specifically, an aqueous solution containing 3% by mass of hydrogen peroxide (H2O2) 
and having 36% by volume of abrasive grains of 72 lim in diameter dispersed therein 
was prepared as poUshing slurry 29 (pH: 8.8) which was supplied while presser 21 
exerted a load of 15/N cm^ on textured metal substrate 1 and poUshing sheet 27 was 
also rotated at 180 rpm to poHsh the substrate for three minutes. Furthermore, the 
substrate underwent a third planarization process. More specifically, an aqueous 
solution containing 1.4% by mass of H2O2 and having 30% by volume of abrasive grains 
of 12 nm in diameter dispersed therein was prepared as poUshing slurry 29 (pH: 10.1) 
which was supplied while presser 21 exerted a load of 15/N cm^ on textured metal 
substrate 1 and polishing sheet 27 was also rotated at 1 80 rpm to pohsh the substrate for 
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three minutes. 

The thus planarized textured metal substrate had a surface roughness Rp_v of 
143 nm and an average surface roughness Ra of 16 nm, and had a surface layer with a 
crystal axis oflfset relative to an orientation axis by at most 9°. Note that surface 
5 roughness Rp_v and average surface roughness Ra were measured with an atomic force 
microscope and the angle was measured by x ray pole figure measurement. 

Furthermore the thus planarized textured metal substrate's surface layer was 
evaluated for orientation in the (200) plane by low angle incidence x ray diffraction. 
More specifically, before and after the planarization the substrate underwent low angle 

10 incidence x ray measurement, and the measurement obtained after the planarization was 
compared with that obtained before the planarization for evaluation, "o" indicates that 
the (200) plane provided diffraction having a peak substantially maintained in relative 
intensity. "A" indicates that the (200) plane provided diffraction having a reduced peak 
and the (1 11) plane provided diffraction having a clearly manifesting peak, "x" 

15 indicates that the peak of diffraction fi-om the (200) plane disappeared and the (1 1 1) 
plane provided diffraction having a peak substantially, relatively increased in intensity. 
Note that a peak of diffraction fi-om the (200) plane relatively larger in intensity indicates 
increased biaxial texture. In the present embodiment the planarized textured metal 
substrate had a surface layer with a (200) plane providing an orientation evaluated "o". 

20 The textured metal substrate was then thermally treated using a reductive gas 

formed of H2 gas and Ar gas mixed together (composition: 3 mole% of H2 gas and 97 
mole% of Ar gas) in a reducing atmosphere of 1.33 Pa in pressure at a temperature for a 
period of time, as indicated in Table 1, twice preliminarily and immediately before the 
substrate was provided with the superconducting or intermediate layer. In the present 

25 embodiment the thus thermally treated textured metal substrate had a surface layer with 
a (200) plane providing an orientation evaluated "o". 

Then immediately after the secondary thermal treatment a reductive gas 
containing H2 gas and Ar gas mixed together (composition: 3 mole% of H2 gas and 97 
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mole% of At gas) was used and the substrate was introduced in a reducing atmosphere 
of 1.33 Pa in pressure. The substrate's temperature was set at 650°C and thus 
subjected to sputtering to have thereon an intermediate layer of Ce02 of 0. 1 )im in 
thickness. The intermediate layer was evaluated for orientation in the (200) plane by 
low angle incidence x ray diffraction, "o" indicates that the (200) plane provided 
diffraction having a peak relatively large in intensity and the (11 1) plane did not provide 
diffraction having a peak. "A" indicates that the (200) and (1 1 1) planes both provided 
diffraction having a clearly manifesting peak, "x" indicates that the (200) plane did not 
provide diffraction having a peak and the (1 1 1) plane provided diffraction having a peak 
relatively large in intensity. In the present embodiment the intermediate layer had a 
surface layer with a (200) plane providing an orientation evaluated "o". 

Furthermore, PLD was employed with a laser fi-equency of 150 Hz, laser energy 
of 0.65 J, O2 gas having a pressure of 13.3 Pa, and the substrate and intermediate layer ' 
having a temperature of 750°C to deposit on the intermediate layer a superconducting 
layer formed of HoiBa2Cu307.6 and having a thickness of 0.5 jim to obtain a 
superconducting wire, which provided a critical current density of 0.1 MA/cm^ in an 
atmosphere at 77 K for an external flux density of OT. The result is indicated in Table 
1. 

First Comparative Example 

Except that it was not planarized, the textured metal substrate was thermally 
treated twice and provided with intermediate and superconducting layers, similarly as 
described in the first example. The result is indicated in Table 1 . 

Second Comparative Example 

The textured metal substrate was primarily planarized: textured metal substrate 1 
received a load of 7 N/cm and a #2000 paper (e.g., that having abrasive grains of 1 to 
10 jxm in diameter) was rotated at 180 rpm to polish the substrate for three minutes. 
Thereafter, as described in the first example, the substrate was secondarily and thirdly 
planarized, thermally treated in a reducing atmosphere twice, and provided with 
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intermediate and superconducting layers. The result is shown in Table 1 . Note that 
the planarized textured metal substrate had a surface layer with a crystal axis oflFset by 
an angle exceeding a measurement limit of 25° and thus unmeasured. 
Second Example 

Except that it was secondarily planarized for nine minutes, rather than three 
minutes, the textured metal substrate was processed as described in the first example, 
secondarily and thirdly planarized, thermally treated in a reducing atmosphere twice, and 
provided with superconducting and intermediate layers. The result is shown in Table 1 . 
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Table 1 



comparative 
ex. 1 



technique employed to 
planarize the substrate 



not planarized 



comparative 
ex. 2 



mechanical & 

mechano- 

chemical 



ex. 1 



ex. 2 



mechanochemical mechanochemical 



o 



C3 

mm 



pnmary 



#2000 paper 
X 3 min. 



secondary 



pH 8.8, 72 nm 
X 3 min. 



pH 8.8, 72nm 
X 3 min. 



pH 8.8, 72 nm 
X 9 min. 



thirdly 



pHlO.l, 12 nm 

X 3 min. 



pH 10.1, 12 nm 
X 3 min. 



pH 10.1, 12 nm 
X 3 min. 



Rp-v (nm) 



513 



40 



143 



130 



Ra (nm) 



62 



5.8 



16 



5.4 



offset angle (in degrees) in 
surface layer of crystal axis 
relative to orientation axis 



(unmeasurable) 
25 < 



orientation in (200) plane of 
surface layer 



ed 



c/5 

o 



o 



preliminary 



500*C X 5 min. 



immediately 
before 

deposition of 
intermediate & 
superconducting 
layers 



650*C X 3 min. 



500*C X 5 min. 



500t: X 5 min. 



500X: X 5 min. 



650°C X 3 min. 



650*C X 3 min. 



650*C X 3 min. 



orientation in (200) 
plane of surface layer 



orientation in (200) plane of 
intermediate layer (Ce02) 



A 

(200) + (lll) 



x 



critical current density 
r77K, 0T1 (MA/cm^) 



0 



0 



0.1 



0.5 
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Third to Sixth Examples 

With reference to Fig. 2, a primary planarization process was performed as 
follows: an aqueous solution containing 4% by mass of aluminum nitrate (Al(NO)3) and 
having 18% by volume of abrasive grains of 850 nm in diameter dispersed therein was 
prepared as poHshing slurry 29 (pH: 3.4) which was suppUed while presser 21 exerted a 
load of 1 5/N cm on textured metal substrate 1 and polishing sheet 27 was also rotated 
at 180 rpm to polish the substrate for three or six minutes, as indicated in Table 2. 
Furthermore, the substrate was secondarily and thirdly planarized, as described in the 
second example. Furthermore, the substrate was thermally treated in a reducing 
atmosphere twice under the conditions shown in Table 2, and provided with 
intermediate and superconducting layers, similarly as described in the first example. 
The result is shown in Table 2. 
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Table 2 





ex. 3 


ex. 4 


ex. 5 


ex.6 


technique employed to 
planarize the substrate 


mechano> 
chemical 


mechano- 
chemical 


mechano- 
chemical 


mechano- 
chemical 


lanarization 


primary 


pH 3.4, 850 nm 
X 3 min. 


pH 3.4, 850 nm 
X 3 min. 


pH 3.4, 850 nm 
X 6 min. 


pH 3.4, 850 nm 
X 6 min. 


secondary 


pH8.8, 72nm 
X 9 min. 


pH 8.8, 72nm 
X 9 min. 


pH 8.8, 72 nm 

X 9 min. 


pH 8.8, 72 nm 
X 9 min. 


a 


thirdly 


pH 10.1, 12 nm 
X 3 min. 


pH 10.1, 12 nm 
X 3 min. 


pH 10.1, 12nm 
X 3 min. 


pH 10.1, 12 nm 
X 3 min. 


Rp-v (nm) 


57 


57 


34 


34 


Ra (nm) 


4.5 


4.5 


3.9 


3.9 


offset angle (in degrees) in 
surface layer of crystal axis 
relative to orientation axis 


10.5 


10.5 


11 


11 


orientation in (200) plane of 
surface layer 


A 


A 


A 


A 


reductive thermal treatment 


conditions 


preliminary 


500t: X 5 min. 


500*C X 5 min. 


SOO^^C X 5 min. 


500°C X 10 min. 


immediately 
before 

deposition of 
intermediate & 
superconducting 
layers 


650*C X 3 min. 


650*C X 7 min. 


650*C X 7 min. 


650^C X 7 min. 


orientation in (200) 
plane of surface layer 


A 


O 


A 


O 


orientation in (200) plane of 
intermediate layer (CeCh) 


A 

(200) + (111) 


O 


A 

(200) + (111) 


O 


critical current density 
[77K, OTl (MA/cm^) 


0.5 


1.0 


0.8 


2.0 
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Seventh and Eighth Examples 

The substrate was primarily, secondarily and thirdly planarized, similarly as 
described in the fifth example. The substrate was then placed in a vacuumed 
atmosphere having a degree of vacuum of at most 1.33 x 10"^ Pa, and thus thermally 
treated twice under the conditions shown in Table 3, and then provided with 
intermediate and superconducting layers, similarly as described in the first example. 
The result is shown in Table 3 , 
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Table 3 





ex. 7 


ex. 8 


technique employed to 


mechanochemical 


mechanochemical 


planarize the substrate 








primary 


pH 3.4, 850 nm 


dH 3 4 850 nm 


c 

1 






X 6 min 


V f\ min 


secondary 


pH 8.8, 72 nm 


pH 8.8, 72 nm 


c 






if 0 tnin 


X y min. 


thirdly 


pH 10.1, 12 nm 


pHlO.l, 12 nm 








X 3 mm. 


X 3 min. 


Rp_v 


' (nm) 








Ra (nm) 


3.9 


3.9 


offset angle (in degrees) in 






surface layer of crystal axis 


1 1 
1 1 


1 1 


relative to orientation axis 






orientation in (200) plane of 






surface layer 


A 


A 






preliminary 


500*C X 10 min. 


500*C X 10 min. 






immediately 






;s in vacui 


onditions 


before 

deposition of 


fiSn°f~l ^ 7 tmri 

\J.J\J \^ A / 111111. 


w X lu mm. 


1/3 

(U 

u 
o 




intermediate & 






c 




superconducting 










layers 








orientation in (200) 








plane of siirface layer 


A 


O 


orientation in (200) plane of 


A 


o 


intermediate layer (Ce02) 


(200) + (111) 




critical current density 






[77K, OT] (MA/cm^) 


0.7 


1.5 



- 20 - 



In the first comparative example the textured metal substrate had a surface layer 
having a crystal axis offset relative to an orientation axis by 9'', and also having a (200) 
plane providing significant orientation. However, it had surface roughness Rp_v larger 
than 150 nm, resulting in an intermediate layer having a (200) plane providing reduced 
orientation, and also providing a critical current density of 0 MA/cm^. In the second 
comparative example the textured metal substrate had surface roughness Rp_v smaller 
than 150 nm. However, its surface layer provided a crystal axis offset relative to an 
orientation axis by an angle exceeding 25'' and did not have a (200) plane providing 
orientation. This results in an intermediate layer having a (200) plane without 
orientation and also provided a critical current density of 0 MA/cm^. Furthermore if 
planarizing the substrate resulted in a surface layer having a (200) plane completely 
losing orientation, thermally treating the substrate in the reducing atmosphere was 
unable to recover the surface layer's lost orientation. 

By contrast, the first and second examples both provided a textured metal 
substrate with a surface layer having a crystal axis offset relative to an orientation axis 
by at most 25° and a (200) plane providing significant orientation, and also having 
surface roughness Rp_v of at most 150 nm. This allowed an intermediate layer to be 
formed with a (200) plane proving significant orientation, and significantly biaxially 
textured, and a superconducting layer to be significantly biaxially textured, and 
superconducting wires providing critical current densities of 0. 1 MA/cm^ and 0.5 
MA/cm , respectively, were obtained. 

Furthermore, as described in the third to sixth examples, if the textured metal 
substrate having been planarized had a surface layer having a crystal axis offset relative 
to an orientation axis by 10,5° to 11°, and a (200) plane providing reduced orientation, 
thermally treating the substrate in a reducing atmosphere was able to enhance the 
surface layer's orientation in the (200) plane unless it had completely been lost. This 
allowed an intermediate layer to be formed with a (200) plane providing significant 
orientation, and significantly biaxially textured, and a superconducting layer to be 
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significantly biaxially textured, and superconducting wires providing critical current 
densities of 0.5 MA/cm^ to 2.0 MA/cm^ were obtained. 

Furthermore, as described in the seventh and eighth examples, if planarizing the 
textured metal substrate resulted in a crystal axis oflFset by 1 1 ° and hence a surface layer 
having a (200) plane providing reduced orientation, thermally treating the substrate in a 
vacuumed atmosphere was also able to enhance the surface layer's orientation in the 
(200) plane unless it had completely been lost. This allowed an intermediate layer to be 
formed with a (200) plane providing significant orientation, and significantly biaxially 
textured, and a superconducting layer to be significantly biaxially textured, and 
superconducting wires providing critical current densities of 0.7 MA/cm^ to 1.5 MA/cm^ 
were obtained. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
Industrial Applicability 

Thus the present invention is widely applicable to superconducting wires formed 
of a textured metal substrate and an overlying superconducting layer or an overlying 
intermediate layer followed by a superconducting layer and methods of production 
thereof to provide a significantly biaxially textured superconducting layer and hence a 
superconducting wire providing increased critical current density and enhanced 
superconduction. 
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